
EL 05C 177

SEC:;E A6i.NLY

EIEOr.1 he
i'LrEAL NL
PU-L: LA1E
CCNIFAL:1
NCIE

LEES

AFSTEACI

LCCUMENT RESUME

24 TM 000 5E1

Aacr, d. P.; Dyer., U. E.

A Lecilon F del for Evaluating Potential Chanoc an
instructicna, Progralis.
Calirornia 1 ay., Los AngelEs. Center for the Study
ct Evaluati,. .

Department health, Education, aro Weltate,
Washington, J.C. Cttice at trio Commissioner ct
Education.
CEE-Cc
hit-o-164t
Nov 70
CEC-4-6-U164t-1909

1.DFS ME-$G.b5 FC-$3.2:
Cost Etfectiveness, *Eccision Making, Educational
ImFrovem(-nc, Elementary Schools, Estimated Costs,
Instructional Programs, *Noaels, Preschool
Education, *Program Eudgeting, Program Levelopment,
*Program Evaluation, *School Administration,
Seccndary Schools, Statistical Analysis

A statistical mooel designed to assist Elementary
scnacl principals in the process ct selection educational areas which
should recelve additional emphasis is presented. For each educational
area, tne model produces an index number which represents the
expectea "valuE" per dollar spent on an insttucticnal program
appropriate to strengthening that area. Although the model is
explainea in terms of this specific application, the approach
proposed could alsc be used to structure similar decision problems at
the district cr state levels, or in secondary and pre-schocl
educational systems. ahe calculation ot the index number for a
particular area depends on: (1) the relative importance ot that area
in terms of the overall educational gcals; (2) the "utility" or
"value" to the decision Raher of making an improvement in that area,
given the current level ct performance; (3) the probability
distribution ot the results ot implementing a particular type of
improvement program for that area, given the current level ot
performance; and (4) the cost of the program. These tactors ars
combined into a statistical tormula yielding the desired index
number. r'ne use ot these indices as decision instruments is also
discussed. Statistical data and a bibliography are included.
(Authcr/AE)



LLI

ENTER FOR THE

STUDY OF

EVALUATION

UCLA Ps

Graduate School IA
of Education Oc,

Los Angeles, California °

4 ^

GO

c

()

.

/ C41

I 4,4 11,,,

A DECISION MODEL FOR EVALUATIN

POTENTIPL CUNGE If! IUSTPUCTIONAL

PROGRAM

J. P. Amor and 3. S. Byer

CSL Report No. 62

November 1970

t f



CENTER FOR THE

STUDY OF
EVALUATION

(",A.110A,

AND 0

LIC iA Graduate School of Education

llarin C, Alkiri Director

ho (TA li f 111-; ,1 1)1 I:' \LA Ili) one of nine centers
for eritti atl 1i II reseirt lr and oh, eloionent si,onsoied the t sited States Drpart-
nierit of Health. Eilulation and 1lelfare, ()Hit( of 1:d The research arid
doclol,rnent reported herein iiits perf,,ine I pursuant to a (ontriti.t Leith the V.S.O.E.
tinder the pro\ of the Cooperatie

I;.IoLli.hed ot I (I.\ in lune, ( is &voter', ir.1 lusi eiv to
ne and methods of ;1 no 1\ /Ong eihRolii"nat program. and

their effi tt,.

he (:enter .en e, it, nnique font Lion. ill] iplinar
%hose °whine for a Lroad. ier.otile approach to the proh-
ICtlIS of eitii,11:111111. conducted in three major program areas:

f 1.1%.iluiition of Fillicati tl Sstere.s, arid
Lialuation 'I he ore and Viethodoloil:H

I his ptililication i. one of reori pioduced the Center triiird it, god!,
lnlorindlion ,ind its puhlii ations r1141 he 11iidirled

Office of 1)i,srinibmion
reeler full the of KIalti.ition
[LI. (;r,oliidte hool of 11,1m

I .o). 1ngrle.. (:alifornia 9002 I

2



This paper presents a model designed to assist elementary

principals in the process of selecting educational areas

which should receive additional emphasis. For each educational

area, the model produces an index number vnich represents the

expected "value" per dollar spoilt on an instructional program

approviate for strengthening that al ea. Ai though the model

will be explained in terms of this specific application, the

approach proposed in this paper could also be used to st:acturL

similar decision problems at the district of state. feels, 01

in seconda:y and pre-school educational systems.

The calculation of the index number for a particular area

depends on the /01h:wing iaetors. (I) the relative importance

of that area; (2) the "utility, or "%aluc" tu the decision

maker, of making an improvcment in that at ea, 2,Iveri the L:ulteril.

level of performance; (3) the piohability distribution of the

results of ,eating a 1nii t ular t pc? H Elp ivemeLt. pr .:14:1 i

for that area, given the cuiint level of »eltor once;

the cost of the abo%2 menti)ned pro lirst two Lletuis

will be discussed in the ii,t ',ection of this paler. In the

sec end section the ..ast two ,111 be co!AsIdered, and on

will be combined in a the desi:-I in le.

the use of these indiL..s a:-; an nil to duelsin rAing hill th r,

be explained.



THE ESTIMATION OF UTILITY

This section describes how the "utility"* (of the decision

maker) for the current state of the system is estimated. In

our particular application, the system is an elementary school,

the decision maker is its principal, and the state of the system

is represented by the level of educational achievement of the

school. As we shall see, the process of estimating utility pre-

supposes the existence of (1) a well defined hierarchy of system

objectives, and (2) adequate devices for measuring the degree of

achievement of these objectives. We are then left with the pro-

blem of transforming performance measurements into a single

(utility) number; this numhei reflects the decision maker's

"satisfaction" with the state of the system as represented by

these performance measures.

The formal structuring of a decision problem (in our case,

the selection of educational areas to be emphasized or strength-

ened) must begin with the statement of an overall objective

perhaps one as vague as "promote the good life". By asking ho;:

a given system contributes to the achievement of this "meta-

objective", a hierarchy of primary objectives, secondary objec-

tives, goals, and subgoals can be identified. For example, in

elementary education, the primary objectives might be (1) the

development of the child's personal or affective qualities, (2)

the teaching of the basic skills required for further educational

success, and (3) the introduction of the child to cultural norms

For a discussion of the meaning of "utility", see the clasic
work by J. Von Neumann and O. Morgenstern (1953) or that of
Schlaifer (1959).
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and values. Each of these three primary objectives can be

subdivided into the secondary objectives which they logically

and operationally imply. For example, objective (2) above may

be subdivided into the teaching of verbal skills and the teach-

ing of analytical skills. In a similar manner, secondary ob-

jectives may be subdivided into goals, and the latter into sub-

goals, etc. This subdivision process should continue until each

"terminal" (lowest level) objective/goal in the hierarchy can be

associated with an appropriate device for measuring the system's

performance in that area. Figure 1 illustrates an example of

the results of applying this objective subdivision process to

elementary education. The numbers in parentheses refer to the

terminal goal areas (in this case, subgoals) listed in Appendix

I. For a further discussion of this process, as well as of some

important caveats, see Pardee (1969), especially page 405.

The performance of an educational system is not usually de

termined by a direct measurement of how well it achieves its pri-

mary or secondary objectives. These objectives are too broad in

nature for the development of valid and reliable measuring in-

struments. Instead, the state of the system may be assessed in-

directly by measuring its performance in each terminal goal area

for which adequate measuring devices exist. The Center for the

Study of Evaluation at UCLA has investigated the existence of

test instruments for each of the attributes listed in Appendix I

(see Elementary School Evaluation Project, Booklet III). The re-

sults of this study indicate that numerous instruments are avail-
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able in the skill and cognitive areas, with their number and

validity decreasing in the affective areas. However, continuing

improvement in the number and validity of tests in all areas can

be expected.

The results achieved on the various test instruments are

generally expressed in terms of percentile scores or rankings on

a national basis. ConsequEntl, there is ro absolute, invariant

scale against which to m,?.asure performance, and we must take these

scores to be our "raw" system performance measurements. It seems

reasonable to assume that the "worth" or "value" (to the princip:

of a given percentile score depends strongly on both (1) the par-

ticular goal area involved and his aspiration level for that

area. Since past achievements of a school depend to some Extent

on such exogenous input factors as the socioeconomic status of

the parents, the location of the school (urban vs. rural), the

region of the country, etc., one can reasonably expect these

factors to influence the principal's aspiration level (and hcnce

his utility for performance measurements) in each goal area."

Su that the model will be sensitive to these environmental fac-

tors, performance data is currently being collected on schools'

categorised according to environmental characteristics (see

Llomentary School Evaluation Project, Booklet IV).

A

lhis will be discussed in a forthcoming Technical Report on the
possible impact of such factors on the shape of the utility func-
tion fur a given goal area.



If we accept the (percentile) scores obtained on standard-

ized tests as adequate measures of the school's performance in

the associated goal areas, it remains to be determined if these

scores can be used directly in estimating the principal's util-

ity. The contents of the previous paragraph and the following

observations suggest that they cannot; that is, the scores must

be transformed before they can be used for that purpose:

1. Given results in a particular goal area and ignoring

all other results, it is clear that a score of 80 is

considered twice as "good" as a score of 40. Also,

it may not be true that a score increase from 40 to

50 has the same "value" as an increase from 80 to 90.

2. The "worth" of an increase from, say, 40 to 50 per-

centile points in two different goal areas may not

be the same, (i.e., the principal may not be indif-

ferent between these two outcomes).

The three words, "worth", "good", and "value" are often

used synonymously with the term utility. However, in the last

two paragraphs, these words have been used to express the util-

ity of the decision maker with respect to only one goal area,

and not the system as a whole. A key assumption of this model

is that the principal's utility for a set of n percentile scores

(one for each goal area, thus characterizing the state of the

educational system) is simply the sum of his utility* for each

*
When these utilities are measured on appropriate scales.



ef the individual scores; therefore, it is evident that (:)::r next

task is to transform the area scores into their associated "area

utility values".

The above assumption about the decision maker's utility is

equivalent to saying that his utility function is additively sep-

arable*. If we let

the limber o f terminal goal areas;

the (percentile) score obtained on a standardizeLl test

appropriato for measuring performance in area i;

= the principals' standard* * utility function for area i

i.e., it transforms the score for area i (a.) into a

number hets,een 0 and 1 (f.(a.).;

w S the "weighing factor" fJr area i. If we rehuire that w. 1,

',his weight expresses the relative importance of

area i with respect to the whole set of areas. The

number ,:i can also be viewed as the proper "scaling'

factor for the standard utility function fi (') such

that the principal's utility for the score ai i.s given

by scaled utility function fl(ai) = v.ifi(ai); and

i(al,...,an) the principal's utility for the set of

n scores

i'
i-1,---,n

then the alditive utility assumption says that

U
.gee Appenuix II.

*A
the utility of a score of "0" is 0; the utility of a score of
"100" is 1.
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(1) f(al,a2,---,an) = fl(al) + f2(a2) +--+fn(an)

or equivalently:

(2) f(al,a2,---,an) = wifl(al)+w2f2(a2)+--+wnfn(an)

To transform the area score, ai, into its associated area
ti

ityvalue,fi(ai),wenowneedtodeterminetheconstantw.and

the function f.(:).

The values of the wi's may be of ained by asking the deci-

sion maker to compare the relative importance of goals on the

same level within the hierarchy. For example, according to

figure 1, the importance of personal development would be com-

pared against the importance of cultural values and basic skills;

at a lower level in the hierarchy, similarly, the importance of

mathematics would be compared against that of science. The final

weight for a sub-goal area would be obtained by multiplying its

relative weight within its level of the hierarchy by the relative

weight of its associated goal at the next highest level, times

the relative weight of the next highest level goal/objective, etc.

More detailed procedures for obtaining these weights are given in

Pardee (1969). In addition, the problem of obtaining and synthe-

sizing different weights (fox each goal area of interest) from

different groups which interact with the system (e.g., parents,

teachers and administrators) is also considered in this document*

Thefunctionf.(') can only be approximated through the anal

*
For an alternate procedure, see reference, Elementary school
Evaluation Project, Booklet III. This procedure is illustrated
in terms of the 106 subgoals listed in Appendix I.

10



vsis of empirical data." However, a few statements can be made

aboutitsexpectedshape_itseemsreasonablethata.,defined

in terms of a percentile score, will be considered to be of great-

er
,

er alue as it increases; that is, a
,

1
then fi(a)

Consequently, we may assume that the function fi (*) is mono-

tonically increasing on the closed interval F, 101j , where the

nunbeis in that interval refer to percentile scores. Additionally,

there appear to he two particular percentile scores on a m id6i,

test which serve as aspiration levels for the school principal:

(1.I the national norm (50th percentile score) and (2) the norms

for schools of a particular "type," as characterized by the

various environ]ental factor's discussed earlier. Interviews with

principals and the other individuals associated wish elementary

school systems indicated that an increase (in percentile score)

of a gilen amount from a point helrw the national norn is consid-__________

ered to be of sisnificantiv_greater v'tlue than the same amount of

increase from a point above the national norm. This suggests

thattheslopeoff.0 ) is steeper at points helow the 50th per-

centile score than at points above this score. A similar behavior

nay he "expected" with respect to the "environmental" norm; how-

ever, current data limitations prevent is from verifying this

hypothesis Ibis prediction of a decreasing slope for the utilit

function as the percentile score increases is also consistent with

the "law uf diminishing marginal utility" which has been empirically

*Tot a discussion of several alternative approaches and a complete
bibliography, sYc Fishbuin (190"). !or a discussion of how this
was done in His particular project, see a forthcoming Technical
Report.

1i
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0

rigurc 2 A Poseible Form of fi (j

12
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verified in numerous studies in an economic context. One

possible fcrm of fi (') is shown in Fig. 2.

EXPECTED CHANGE IN UTILITY AS
A DECISION CRITERION

This section describes how estimates of the decision maker's

utility for various performance levels of the system may be com-

bined with estimates of the effects cn system performance of

implementing various "programs" to provide a guide for decisions.

In our particular application, the decision problem is to select

educational goal areas which should receive more emphasis. The

key assumption implicit in this discussion is that the decision

maker prefers actions which maximize his expected utility.

It is reasonable to assume that a particular goal area will

1_)t: selected for increased emphasis because (1) there exists an

educational program e.g., a new set of work books, the Sullivan

reading program, a computer assisted arithmetic program, etc.),

which has a "reasonably good chance" of improving the student's

performance in that area, (2) a "significant" increase in the

percentile score in that area results in a "significant" increase

In the decision maker's utility, and (3) the cost of the program

is within the school budget.

Because of the interaction among the exogenous input factors,

it is impos:ible to state that the adoption of a pro.,;ram of zype

in area i will increase the performance from a? to ac.' 4

Instead, the pctential results of adopting a program of type i in

area i should be described by the conditional (or posterior)

probability distribution of the scores which would he obtained

upon retesting the .;tuden,s alter implementation of the program.

13



this di;tribution, one could calculate the probability of

a -:-,pec IC!',111t s-u: that randon vari able

a'. (representing the score to be obtained upon retesting) has a

probability density function which depends on 3 factors: (1) the

particular subgoal area (i), (2) the current level of achievement

(ai
c ), and (3) the particular type of program selected (j), and we

denote this conditional proba'3ility distribution by gi

lor example, the subgoal area may be "operations with integers,"

the current level of achievemenr. may be "40th percentile ranking,"

and the type of program may be "a computer assisted arithmetic

program." A possi')le form of

gi 140,j)

(a'i 140,j) is shown in Figure 3.

a.i>
ld SO
Figure 3

A PassiUle of a Poste]ior Probability Distribution of Scores

Unfortunately, it is extrenel' difficult to obtain objective

information which would yield an estimatc of this probability dis-

tribution. Hoever, subjective information may he used to approx-

imate the fora of g. (a'.
1

la j) . Person:; who have observed the

'in w educational prograiis hay be a.,.ked for their escirate

ai the probability of achieving a specific change in performance

as a result of adopting :i program, of type i in i, when the
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current level of performance is For example, these "experts"

may estimate the probability of an increase of from three to

fivepercentilepointsinareai,givena.and program j, to be

This implies that

(3)

a
o
+5

o
g Ca' .1a .

ac.)-F3

We will denote a subjective estimate of the value of the intcgra:

of g. everapart-icularinterval,la:,j)-
B obtaining similar estimates for K non-overlapping intervals

which cover the range of a'i , 'cc can obtain a discrete approxima-

tion to the desired distribution. By varying the size and number

of the intervals we can make the approximation as "close" to

continuous function as we desire," In additien, we nalurally
K

require tat ( oai0
1:=1

The theoretical probability distribution nay be used to

deslermine the expected change in utility, resulting from the

implementation of program i in area i given that the current

level of performance is ai, as follows:

f.(a'.)v.(a' f
]

0

where F expected value operator,

Ii. E chaiqe in utility in area

---
Note that the symbol d', carries information about both tilt.'
location and the si:e cif the interval of interest.

* *fee ':;chlaifer (1959) for a further discussion of this to

"*Sec. Appendix I) for a thcoretical discussion of the
tions implicit in this formulation.

15



13-

and the other variables are identical to those defined in the

previous section. If the discrete approximation to g.(a1.1a. i)

is used, expression (4) simplifies to

K.

(5) h(:.1.1 ).w {:. l.(L
k
) P.H, ,lu 1.(aj

[
i i i i I. 1 1 1:

where the value of f
i '1:

(: 1 may be approximated by the value or

fi() at the midpoint of the interval :,1;

Since it is anticipated that decisions must be made within

a budget constraint, an additional modification of expressions

(4) and (5) is required. Assume that the cost of a program of

type j has been estimated to be c. Dividing these expressions

b; c. would provide an estimate of the expected change in util-

ity per dollar associated with a program of type j in area i,

given a . This figure represents a more desirable guide to

action, especially if the plograms in question are divisible."

To summarize, the implications of expression (5) nay he

clarified if it is written in an equivalent calm and divided 1,y

c as shown in (6).

1;

h(A. w. ,, .. t

1) 1 i

(0) . 1.=1.-----------
J

t (0 1

the numerator is the product of the measuie of ielative impor

tance, wi, the change in utility associated with a given change

by divisible, we mean that they may be adopted in part. (.?thods

for dealing with this problem if divisibility is not a reason-
able assumption will be considered in a forthcomine, report.
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in performance, fiL ) fi(ai), and the subjective probability

of that change, PiP,k If the probabilities that the re-

sulting score will fall in each of several disjoint intervals

are estimated, their product with their associated measures

of change in utility must be sunned [n words, expression (0)

for the expected change in utility per dollar is approximately

equivalent to

a measure of
the importance
of area i

tie cliange in utility
associated with the
adoption of a program
of tv')e i in area i

'file cost ot
a program
of .type _..1

of achieving
that change

The model which was des,ril,cd in the preceding sections pro.

vides the decision maker t], ele:wntary schlwl principal) with

index numbers which replese;it estimates uf the expected di, gos

in his utility for the perluimance of his sLhool would re-

sult from the adoption ot ties ul plugras In paitIc-

ular areas. it is felt that Lhese index numbel:, would provide

valuable information in his dealing nith tie problem of identi-

fying areas in wh'.ch action should be conside:cd, aid identifyinti

the types of programs which .;ould piovide the greatest expected

11
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contribution to the achievement of his instructional goals.

The actual use of the model by an elementary shcool

principal could be encnuraged through the provision of a series

of tables containing the values

17. fi (a°i

k-1 1

for each area,

c.

for a series of s,:ores, a , and for several

types of programs, j. The principal would merely be required

to determine his of measures of the relative importance of each

area(thew.'s) , and obtain the remainder of the information di-

rectly from the tables.

18
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APPLNPIX I

OUTLINE OF 145 GOALS OE TLIYARY scrool, LDTKATIoN

Al'ETCTIVF
TEMPLIL.MNT: PYRSONAL
A. Shyness-Boldness
B. Neuroticism-AdjuF:tment
C. General Activity-Lethary

TPEPIRAENT: SOCIAL
A. Dependence-Independence
B. Hostility-Erienliness
C. Socialization-Rehellionsness

3. ATTHUDES
A. School Orientation
B. Self Lsteem

4. NEEDS AND BY
A. Need Achievelient
B. Interest Areas

ARTS-CkAFTS
S. VALUING ARTS AND CIAi TS

A. Appreciation of Arts and ('rafts
B. Involvement in Arts and Crafts

C. PRODUCINC ARTS AND C,AFTS
A. Representational Skill in Arts and CEatts
B. Expressive Skill in Arts and ('rafts

7. UNDIRSTAMJING ARES AND CRAFTS
A. Arts and Crafts Comprehension
E. Developmental Iln(lerstanding of Arts and Crafts

COCNIT1VT
S. RLASONING

A. Classificatory Peasonin
F. Relational-Iliplicational Ecasening,
C. Systematic Reasoning
D. Spatial Eoasoniag

9. CREATIVITY
A. Creative Flt' ilIi to
B. Creative Fluency

19. tILMORY
A. Span a,,(1 tonal .1.1cilory
B. tic aningfu1 1Ienory
C. Spatial PennTenney

loELIGN TA:XdU1(11.
11. YnNI.I6 LANCWAC]. BR 11,1

A. Beading Ceflprjensi(fl oI J lans2,11age

0. Oral Comprehension (.,1 a Eoryign LanguAge
C. v,peaking Illieney in A I retcit L,nguage
P. Writing Eluency in a Eoroigi. Lan,lage

20
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12, 1:0121,1GN LANCUAGL ASSIMILATION
A. Cultural Insight througL a Foreign language
B. Interest in and Application of a Foreign Language

1,ANG1)AGE ARTS
13. LANGUAGL CONSTRUCTION

A. Spelling
B. Punctuation
C. Capitalization
D. Grammar and Usage
L. Penmanship
F, Written Expression
G. Independent Application of Wilting Skills

14. RTFERLNCL SNILLS
A. Use of Data Sources as Reference Skills
B. Summalizing Information for Reference

MATHIMATICS
15. ARITHMETIC CONCLP1S

A. Comprehension of Numbers and Sets in Mathematics
B. Comprehension of Positional Notation in Mathematics
C. Comprehension of Tquations and Ine(tualities
D. Comprehension of Numher Pi nciples

10. ARITHMETIC OPLAfloNS
A. Operations with integers

Operations with Fractions
C. Operations with Dccimals and Percents

17, MATHEMATICAL APPLICATIONS
A. Mathematcn1 Problem Solving
B. Independent Application of Mathematical Skills

IS, GEOMETRY
A. Geometric Facility
'1. Geometric Vocabulary

19.

A. MeasureDent PLading
S. Statistics

MUSIC
20. MUSIC APPPICIAlloN .11j) 111151

A. Music AlTrcci,tion
B. Music Interest and inyyment

21. MUSIC PTRIOLMANCL
A. Singing
R. Musical Instiument Playing
C. 11A1100 (Phythric Re_f;ponsc)

22, MUSIC UNUILSIANDING
A. Aural Identification of Music
R. Music Fnco

21
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23. HVALTH SAF1Jv
A. Practicing Health and Safety Principles
P. Understanding health and Safety Principles
C. Sex Education

21. ErISICAL
A. Muscle Control (li.ysical Lineation)
B. Physical icvelopment and l_'11-Beiul.:, (Physical If

25. SPORTSMA::SH1P
A. 6rcup Aetivity Sportsmanship
B. Iriterest in and Independent Participation in Spurts

and Games

PHYSICA) EPliCA'11W:
A. Understanding of Rules and I-;trategies of Sports and

Ganes
P. Knowledge of PLysical Lineation Apparatus and Equipment

RIAi)ING
(2TAI.-AURAI SI-ALLS
A. :Astening Reaction J.1(i. Pc!spunsu
B. Speakin

WORD PLCOUNIII
A. Phonutic Pe,conition
IL Structural Re,:ognition

P. RI:AUING
A. Oral Reading
B. Silent Reading dfficiL'ncy

50. RYADIN COMPKEilL:cf-M 'ii

A. Recogniticn if CHILI )Ieanings
H. Understanding 1dcational
C. ReilemperiLg InformAtion

31. RVADP.'; EMERPI:1
A. Inference M.J.Mry) fr Roiling Selections

Peccgnition uf 1.iterary Levi us
C. Criti,_al ffeadin

32. RLAU1. ..',FPRI(11A1.

Attitude teimird Ifeadiug
if Attitude :Nu, hu;,acior Hedilication lium lCiilfllO
C. Yimiliarity f-,imindara Childrca's litorator'e

U. lliJIilaUS IL1. IC.

i. R/.1.1{Ilt)f)f)

SCIEH'E
55. 1-,( 11 N I I 11C PROCI

1. cbserv;itiiin 171,1 Pos.ctiptlen in Seit,nce
h. Us c: of :,:umbers lnd lu im u us in S'cicnce
C. Classificatium ;lad Iicuerall:ation in ScicnA.
fi Uyputh(..sis lorriatie;, in S...icnce

1)2
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E. Operational Definitions in Science
F. Experimentation in Science
G. Fornulation of Generalized Conclusions in Science

36. SCIENTIFIC KNOWLEDGE
A. Knowledge of !loii,itific IaLts and Terminology
B. The Nature and Pi.ipoi;e of Science

37. SCIENIIF1C APPROACH
A. Science Interest and Apprec,ation
B. Application of Scientific :lethods to Iveryday Life

SOCIAL SlUDIES
HISTORY AND CIVICS
A. Knowledge of History
B. Knowledge of Governments

39 GEOGRAMY
A. Knowledge of Phsical Geography
B. Knowledge of Socio-Econcrlii: Geography

10. SOCIOL(
A. Cult:Aral Knowlidge
B. !_;o:-Jai Organization I;nowledgc

APPLI'AlION SLCIAL S111PI1 :5
A. Research Shills in Social Studies
B. Citizenship
C, Interest in Social Studios

:3



APPENDIX Il

Let the st.ate of the educational system be partially char-

acteri:ed by the n-tuple (a1,---,a ) of percentile scores obtained

on tests covering the n suhgoal areas.* It is reasonable (and

indeed necessary) to assume the e.,:istence of a cardinal utility

function f: P.11-kl, which assi!Ins to each possible state of the

system a real number representing its "worth" to the decision
0

Let the initial state of the system be a °(al°,---,an),

corresponding utility oumer f(a°), and suppose that an im-

provelitent program ** is administered in each subgoal area, and then

the students are retested. (Ate would expect the resulting new set

of scores tG .ominate"* the old one and the new

utility number f(a') to grt'ater than 1(001. Whether or not

this occurs depends oo various uncontrollable factors, so that

until the DCW stores are known, they and their associated

utility hu Wei- must be treated as J indom variables. A problem

(_f interest is therefore to estimate, in advance, the change in

th- decision mal.er's utility if, given apt initial state a°,

1)rol;.-aus were administered and the stud,nts re-

discussed above. impoitantly, i.e wish to esti-

m; Le the "ceoltr Lhit c:ich 1.;t:tA to the e.-;t irateLi chahp:

'L 1 c:Ir \ other system attributes shculd hu included for a "com-
plete" ..1a .i ion.

":\ny pro;ran applicablr to a sp.'(.ified area will do. :t could
he the "Lest" program available for that area. For purposes
of this discussion it ratters only that the program be speci:;c
enough to iiat-L' a cost.

*?:* for all 1-1,---,r and al' for 3for it least ene



in the decision maler's utility) and relate this contribution

to the cost of that program in a way which will be meaningful

to the decision maker in his attempt to maximize his expected

utility by selecting costly improvement programs, while staying

within his limited budget.

It is clear *hat the "utility contribution" of each pro-

gram depends on various factors, these which are its quality,

relative to that of the programs covering the other suhgoal

areas, the shape of the decision maker's utility function, and

the initial state of the system. It is therefore nu trivial

matter to estimate these " utility contributions," However, if

the utility function is additively separable* nd if the im-

provement programs are independent," then the expected change

in utility is simply the sum of the expected utility contri-

butions of the indiv.dual programs. for the sake of clarity

and caae of presentation sho this for n=2, the case

for larger values of n follows.

For n=2 then, after the initial testis!;., we have a 2-tuple

of percentile scores ac_ ( a,') ard a utility nm)Ler of

f(a°)2C(a
1
°

' '2 °). If kertiin il)prvement programs are con-

templated for these two area., the scores which might be ob-

tained ifter retesting ale now i inclom riables )

*1(a , . a 1= f
1

f , (a , . I (a ; er equivalent ly with

standard resealing of the individual 's.

n f fa ).

**o suill..)ver or interaction e1 feet
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with joint conditional probability distribution g(2111,a2Val°,a1°).*

Clearly the utility for these new scores f(al',a7') is also a

random variable, so that the expected utility of the decision

maker for the new state GC the system a', given the initial state

a' and

(1)

the

h

improvement

I

programs

=

chosen, is given by:**

and the expected change in utility is therefore

L!.L1.1 a '71] -f(a
1 ' 2 1 '

The assumptlon of program independence means that

(5 g(a1''`"'"1 'a'°)'gl(all/a1°)g2(a2la c)

where gl and g, represent the conditional proha'oility distri-

bution*** of the random variables al' (given al') and (given

a,°) respectively. Combining this assumption with that of

separable utility and substituting in (1) yields

L TTall, rit1f1 (a1')+w2f,( )1 gl(al'/iii')

g,(a,'/a,')dai'da2'

1,
,f p , ( " , ) g 1( " 1 / " 1 , : ( " " " d "

2-1-1 (a 2' ) giH ' ) g 2(a , = ) da:'

*ibis distribution is unknown to us at this tire. In this
Appendix we avoid complicating the expressions by not in-
cluding indices which would Identify the particular programs

* *assure continuous functions here. The integrations are over
the interval [0,100j.

***these distributions Are also unknown to us at this time.

f 6
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./-1'1 fl(a 'Igi(aC/a1°)dal'+w2 f2(a,')g,(a2'/a,°)da,'

al' /all) . f2(a2'/a2 °1

Now substituting in (2) we get

FLrlwiL[fifal'/a1:1] 4-w,h f([11/a,) ').w,f,(a(71

[fI(ail/a/°)1

so that the expected "total" change in utility is just the sum

of the exr...oted utility changes for the subgoal areas. Since

the asstnaption of program independence implies that the utility

chanw.' in any subgoal area is solely* attributable to the im-

provement progra selected fur that area, we may take the ex-

;(2,..ted change in utility fo1 a given area as a measure of the

expected value of that program to the decision maker (i.e.,

its expected utility contribution 1,

Hifor,[ance level in that area.

Ihe cApeoted utility contribution of a program is the

number we wish to relate to the cost of that program to assist

the decision maker in the program selection process. In order

ij), given a certain

to JUtain this nuLler we must estimate L
i

f(a
1
'/a

i

°I * (the
----

exi*ctc! um,eiged utility value in area 1, i.:,1(211 ;11°)

only mean to say that programs covering other
area,; do ,cot contribute to the utility change In this area.
It is perhaps too strong to use the word ",vier,'' frre ,is
there ail.' surely other factors and random disturbances which
a:feet this utility change.

from the main body of the paper that we have already
detelmined al ° fi dn,1 W

; '

i-1,2.
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for i-1,...,n, since, as 11 entioned earlier, the p (a. ' ia.c'r
I a. 1

are unPnev.n to us

One appreach in estimating L fi(ii '/ai°) directly is to

specify a certain number of percentile points 8.
1

and then to

estimate, by kluestiening the appropriate "experts," the pro.

babillt: that the students mill score n
i
+ . percentile points

better, niter being exposed to it particular improvement

ro'ii.vi, given an initial score of °. Let us denote this

Houal)ility by pi and call it the probability of success. Then

ti. . Prob (a.',a.°+6-1a.°)
1 1 -- 1 1 1

and a:. approximation to the expcted new utility value in area

is ,'.iven by

(i ) i. 1. (a. ' / a .°.p. '-. (a . c+l.. + (1 p .1r ,.1.13
1' 1 1 1 3 1 1

In this ahpruximation, the first tern on the right hand
00

is a conservative estimate of fi(a;')gi(ai'il
°+6.

since the utility function is evaluated at the sing12 point of

and we 1,11e3: that this function is rionctonically in

1.:72S111. tit int hnowl ice of the p trameti.'rs of gi 0)

is e.it clear uhethcr or not (1.p.1f.(a.') is a conservative
1 I I

I t i 'i t ._ 11 f . 1(a. ' .) . (a '/r °) Li.) . .;n',--.-ever, if titer': ,ire
1 1 1 1 '' 1 1

1,,,ur+d 1;i:,.!S to beiieve tha: the vartance of g (aiya.°)

relaLvely :fwill, then the above approximation to 1. -[I i(a.',/ai°1

.1a. '

----------
`I' is cunceilablo that in the future there will be sufficient
historical data to estinate this function empirically. Perhaps
it can be Or_ne presently if he do nut condition it en 1 ..
ever, forfor present purposes shall restrict ourselves o sub-
jective estimates of certain parameters of the function, to 17e
obtained via questiennaires.
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seems reasonable. At this point it should be clear how to esti-

mate the expected utility contribution of a program in a given

area i. It is given by

-f.

= 1,... ). 1. (.1.°+:..) + (I ---p . ) f . (a. f. (i. c'.)
1 ''.i.. 1 1 1 1 1 1

[= v. p. f . (a f-i-±.) f. (a. c')
1 .i. 1 1 1 i

and all the values revired for this computation are now avail-

able.

the choice of is a t.:ctical matter. It could he a number

suca that ai +ii represents the aspiration level of the decision

maker for area i, given an initial percentile score of ai .

Clearly this aspiration level should be realistic, 11:u.ely a

scoreldlichh"s"IlWedcliinceL'fbeingacilieved;(a.-+=.) nay,

for instance, also represent one's feelings about the mean,

the median or the mode of the posterior probability distri-

bution of scores gi (aiYai -illustmiting the intimate ro-

lationsoip between and the probakility of success pi.

Alternatively, nay he' the smallest number of percentile

points such that a score of aic+'i would be considered an

o
improvement over A. ;A subject lye ASSCSS;;.,.. 1.11S1 Le rHde in

this case as to Idiether or not the posterior distrikution

g.(a'./a.-) has really shifted to the rightrelative to i.he
i i

priordiStril'Ilti"AeS. on the value aiL+
i

A third way may be to simply let equal a constant, say

percentile points, for all sol)1 areas. Clearly there must
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be tradeoffs between the amount of work which goes into and

the information derived from the implementation of each of

these three possible methods; however, such tradeoffs have not

yet been thoroughly investigated.* At this time the first and

third methods are recommended.

-----------
*l'or example it is clear that the first method requires less
work than the second; however, the second nay provide infer.
ration aboLt the instantaneous or ma;ginal rate of increase in
expected utility associated with a particular program (some-
what in the fashion of it partial derivative). If this second
lethod we ye applied for :;everal values of 6i, one may be able
to obtain information about the "suspect" decreasing returns,
in expected utility, as the "intensity" of a program 15 increased.
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